Background: There is a clinical association between asthma and chronic rhinosinusitis (CRS). This study was designed to determine whether severity of coexistent asthma affects the clinical presentation of CRS.
C hronic rhinosinusitis (CRS) is one of the most prevalent chronic conditions in the United States. According to the National Health and Nutrition Examination Survey, ϳ14% of Americans have CRS, and these patients account for 91.2 million health care visits annually. 1, 2 Furthermore, because of the refractory nature of this disease, patients who fail conventional medical treatment account for 200,000 sinus surgeries annually. 3 The association between CRS and asthma has been clearly established, although the exact mechanism is still controversial. [4] [5] [6] Approximately 20-33% of patients with CRS also manifest asthma, a prevalence of approximately four times greater than that of the general population. 7, 8 The associations between these two diseases have clear clinical implications, and other authors have suggested that the severity of asthma correlates with the extent of CRS as measured by CT scans and symptom scores. 9 In the present study, we sought to investigate the relationship between asthma severity and the clinical presentation of CRS including Lund-Mackay score (LMS), nasal polyposis, atopy, and aspirin sensitivity triad (acetylsalicylic acid [ASA] triad). We hypothesize that asthma severity positively correlates with CRS severity as measured by LMSs, as well as the presence of polyposis, atopy, and ASA triad.
MATERIALS AND METHODS
The study protocol was approved by the Institutional Review Board of Northwestern University, and all patients gave informed consent for participation and use of clinical data for these purposes.
The study population included 224 consecutive CRS patients, prospectively recruited into a tissue banking study at the time of endoscopic sinus surgery. All patients were evaluated and had their surgery performed at a tertiary academic sinus and allergy center at Northwestern University Feinberg School of Medicine between January 2007 and August 2009. The data were reviewed retrospectively. All patients met the following inclusion criteria: (1) diagnosis of CRS by criteria set by the American Academy of Otolaryngology-Head and Neck Surgery Task Force on Rhinosinusitis 10 ; (2) failure of maximal medical therapy including antibiotics, oral corticosteroids, and nasal corticosteroids and thus qualification for functional endoscopic sinus surgery (FESS); (3) baseline CT scan of paranasal sinuses establishing sinusitis. The CT was typically done on the date of initial presentation unless the patient was having an acute exacerbation, in which case the patients were treated with standard medical therapy and scanned when they reached their baseline symptoms. All patients underwent nasal endoscopy to document inflammation and/or nasal polyposis. Exclusion criteria included antrochoanal polyposis, cystic fibrosis, immune deficiency, or neoplasm affecting the sinonasal tract. After taking these criteria into account, 187 patients remained in the study. Patients were divided into three groups: (1) nonasthmatic, (2) intermittent/mild asthma, or (3) moderate/severe asthma, based on 2007 National Heart, Lung, and Blood Institute criteria. 11 Criteria guidelines were based on symptom frequency, nighttime awakenings, ␤-agonist use, interference with normal activity, pulmonary function tests, and exacerbations requiring corticosteroids. Physicians in Northwestern University's Department of Allergy and Immunology performed the classification.
LMS was calculated by two independent observers blinded to the subjects' asthma status, using CT scans of paranasal sinuses obtained before sinus surgery. Each sinus was assigned a score between 0 (completely aerated) and 2 (completely opacified). The osteomeatal complex was scored with either 0 or 2 based on a similar methodology. The possible tabulated score ranged from 0 to 24 for each patient.
Patients underwent allergy testing using a skin-prick panel of 24 inhaled aeroallergens from 8 classes (dog, cat, dust mite, grass, tree, ragweed, mold, and cockroach). negative saline control were included as well. A wheal diameter of Ͼ5 mm with flare at 20 minutes was considered a positive result, and patients were designated as atopic in the presence of a positive reaction to any allergen. Note that analysis of atopy as an independent variable was only undertaken for patients who completed skin testing at the Northwestern University Sinus and Allergy Center.
Patients with asthma were routinely tested, but 64 of 140 patients from the "no asthma" group also had no symptoms of atopy (itchy/ watery eyes, nasal pruritis, and sneezing) and allergy testing was deferred. These patients were excluded from the statistical analysis of this variable because they did not undergo skin testing.
Data were analyzed to determine the effect of asthma severity on LMS, nasal polyposis, atopy, and ASA triad. LMS scores were analyzed by ANOVA testing with post hoc Tukey analysis. Nasal polyposis, atopy, ASA triad, age, and gender were analyzed using chisquare tests. A value of p Ͻ 0.05 was considered statistically significant. All analyses were performed using GraphPad Prism software (La Jolla, CA).
RESULTS
The data were analyzed by comparison of the three groups based on asthma status and severity: (1) no asthma, (2) intermittent/mild asthma, or (3) moderate/severe asthma. There were 140, 29, and 18 patients in groups 1, 2, and 3, respectively. The demographics of all three groups were comparable, and there were no statistical differences in gender, age, or ethnicities represented ( Table 1) .
The mean LMS was 9.7, 11.6, and 15.6 for groups 1, 2, and 3, respectively (p Ͻ 0.0001, ANOVA; Fig. 1 ). Furthermore, post hoc analysis revealed LMS was significantly greater in group 3 than either group 1 (p Ͻ 0.05) or group 2 (p Ͻ 0.01). Group 2 exhibited a greater LMS than group 1, but this did not reach statistical significance in post-hoc testing. The prevalence of atopy was 72.4, 82.8, and 100% for groups 1, 2, and 3, respectively (p ϭ 0.03; Fig. 2 ). The prevalence of nasal polyposis was 31.4, 48.3, and 94.4% for groups 1, 2, and 3, respectively (p Ͻ 0.0001; Fig. 3 ). The prevalence of ASA triad was 13.8% for group 2 and 27.8% for group 3, but this difference did not reach statistical significance. Note that group 1 was not included in the statistical analysis for ASA triad because of the absence of asthma in these patients.
DISCUSSION
A mounting body of literature has supported the association between sinusitis and asthma. Epidemiologically, it has been suggested that up to 38% of patients with allergic rhinitis have asthma, and, conversely, up to 50% of asthmatic patients also have allergic rhini-tis. 12 In another population of patients, up to 80% of asthmatic patients had some radiological evidence of sinusitis. 13 The present study sought to further elucidate this relationship in a sample of CRS patients who failed maximal medical therapy and underwent sinus surgery. Our observation that radiological severity of CRS (LMS) increases with asthma severity is consistent with previously published reports. [14] [15] [16] The present data also corroborate a previous study from our institution revealing that asthmatic patients had higher LMS than nonasthmatic patients (p Ͻ 0.0001). 8 Bresciani et 9 also stratified asthmatic patients into severe and moderate-tosevere based on daily oral corticosteroid dependence. The severe asthma group had increased CT severity scores compared with the moderate-to-severe asthma group (p Ͻ 0.0005). It should be noted, however, that the sample of patients studied in that report was not restricted to those with CRS, and that asthma classification system was based on corticosteroid use. Unlike previous studies, our experimental design used classification of asthma severity using National Institutes of Health guidelines in a group of CRS patients who had failed maximal medical therapy. The present series illustrates that, even using these strict criteria in patients with recalcitrant CRS, radiological disease severity does correlate with asthma status. It is notable that prior studies have shown that radiological severity, assessed by LMS, is weakly correlated with CRS severity as measured by patient-based symptom questionnaires. 17 Although this observation presents a limitation in quantifying severity of CRS, radiological severity is still useful in that it is objective in nature. Thus, we can conclude that asthma severity and CRS (radiological) severity are correlated in patients with medically refractive disease necessitating surgery. It deserves further study as to whether this also applies to the entire population of CRS patients. Advancing asthma was also associated with increasing prevalence of polyposis and atopy, supporting our original hypothesis. When the present study population was stratified by polyp status, we observed no difference in radiological severity between nonasthmatic and asthmatic patients. This suggests that increasing radiological severity with worsening asthma is attributable to the increasing prevalence of polyposis. Finally, although we did not find any statistically significant associations, it is possible that samples with a larger subpopulation of ASA triad patients may elucidate an impact of this variable. There is also growing evidence that aggressive treatment of rhinosinusitis can subsequently lead to an improvement of asthma severity. [18] [19] [20] In a study of 30 patients who had FESS, 90% reported asthma improvement, 74.1% had reduced numbers of asthma attacks, 46% indicated less inhaler usage, and 65% reported decreased steroid requirement. 21 Upper airway management alleviated lower airway severity as shown using multiple benchmarks, suggesting the need for clinicians to take both comorbid conditions into consideration when addressing the management of these respiratory diseases. The present study design precluded conclusions about the effect of FESS in altering severity of asthma as measured by objective lung function. Regarding this issue, there is conflicting evidence in the literature as to whether there are significant differences in symptoms, medications, and pulmonary function tests after FESS. 22 Although the association linking upper airways disease and lower airway disease is compelling; the mechanism that underlies this connection is still under debate. 23 Marney et al. 24 discusses proposed mechanisms that could explain the unified airway hypothesis includ-ing aspiration of inflamed sinus secretions into the lower airways, enhanced vagal stimulation in the infected sinus leading to bronchospasm, excessive drying of the lower airways by mouth breathing as a consequence of nasal obstruction, production of bacterial toxins that induce partial B-blockade, and production in the infected sinus of cytokines and bronchoconstrictive mediators. The most recent evidence seems to support the latter, which suggests a mechanism of a systemic inflammation. Joe et al. 7 emphasize the role of eosinophils as the primary effector cell in the pathophysiology of both upper airway sinusitis and lower airway asthma.
One limitation of the present study is that not all patients in the "no asthma" group underwent skin testing. These patients were excluded from analysis of atopy as an independent variable. Although this may have skewed the prevalence of atopy in that group, it is almost certain that routine testing of the entire nonasthmatic group would have yielded an even lower incidence of atopy in that arm, because testing was only performed in the nonasthmatic patients with allergy symptoms. This possibility is corroborated by observations of others, revealing a background incidence of atopy at 53.4%. 25 Thus, the present series may have overestimated the prevalence of atopy in patients without asthma; however, the data still showed that, by comparison, asthma status positively correlated with prevalence of atopy. Another limitation of this report is that although it indicates a clear association between severity of CRS and asthma, it does not elucidate any causal relationship between the two disorders. It remains possible, and perhaps likely, that these conditions are both manifestations of a global airway inflammatory process. Although some patients may exhibit greater disease burden in one part of the airway than another, this series does illustrate that among recalcitrant CRS patients, advancing asthma status correlates with advanced radiological sinus disease. Further directions for this research will be to prospectively determine whether these findings will be observed in broader populations of CRS patients and to determine whether intervention for CRS impacts the course of lower respiratory comorbidities.
CONCLUSION
This data illustrate a strong relationship between increasing severity of asthma with advancing radiological severity of CRS. Asthma stratification also correlates with a greater prevalence of both allergic rhinitis and nasal polyposis. This large adult series shows that asthma severity may have a significant correlation with the presentation of CRS. 
